Campylobacter coli and Campylobacter jejuni are common causes of bacterial diarrhea all over the world (1, 5, 26) . Campylobacter organisms are isolated from both feces and blood. Different serologic methods, such as agglutination (7, 10, 30) , bactericidal activity of sera (7), indirect fluorescence of antibodies (2), complement fixation (18), and radioimmunoassay (14). have been developed for diagnosis of these infections. Recently, an enzyme immunoassay has been found to meet the criteria for specificity and sensitivity needed in the serologic diagnosis of campylobacteriosis (3, 8, 21, 28, 29) .
Campylobacter antibodies of the immunoglobulin G (IgG), IgM, and IgA classes were determined by enzyme immunoassay with acid glycine extract antigen in patients and controls involved in two Campylobacter outbreaks and in 266 unselected patients with acute enteritis. The assay showed a specificity of 99% for each immunoglobulin class in sera from 200 healthy blood donors. Elevated Campylobacter antibody titers were shown in 97% of stool culture-positive patients involved in the outbreaks. Rapid changes of IgA and IgM Campylobacter antibodies were typical of the early phase of serologic response in the outbreaks and thus offered the best diagnostic value in the serologic diagnosis of acute campylobacteriosis. In unselected patients with acute enteritis, the assay revealed elevated Campylobacter antibody titers in 37 patients, of whom only 12 had had positive Campylobacter stool cultures. In the sera of patients with other bacterial findings in addition to high titers of Campylobacter antibodies, no cross-reacting antibodies were found, but there was evidence of several mixed infections.
Campylobacter coli and Campylobacter jejuni are common causes of bacterial diarrhea all over the world (1, 5, 26) . Campylobacter organisms are isolated from both feces and blood. Different serologic methods, such as agglutination (7, 10, 30) , bactericidal activity of sera (7) , indirect fluorescence of antibodies (2) , complement fixation (18) , and radioimmunoassay (14) . have been developed for diagnosis of these infections. Recently, an enzyme immunoassay has been found to meet the criteria for specificity and sensitivity needed in the serologic diagnosis of campylobacteriosis (3, 8, 21, 28, 29) .
We have previously used an acid glycine extract (15) as an antigen in enzyme immunoassay to detect Campylobacter antibodies in hyperimmunized rabbits (24, 25) and in patients hospitalized for Campylobacter enteritis (11) .
In the present study, we used the same assay to determine immunoglobulin A (IgA), IgM, and IgG Campylobacter antibodies in patients and controls from two Campylobacter outbreaks. These outbreaks provided an opportunity for obtaining new information on the serology of Campylobacter infections and for evaluating the specificity of the acid extract antigen in an epidemiological study. We also screened paired sera from 266 patients with acute enteritis to determine the influence of other enteric infections on Campylobacter antibodies and the occurrence of cross-reacting antibodies. This enabled us to see how often a Campylobacter etiology of diarrhea could be defined in patients with negative stool cultures.
MATERIALS AND METHODS Patients. Two Campylobacter outbreaks occurred in Finland in 1985. The first began at a rock festival in Virrat in June; it was estimated that several hundred participants developed symptoms a few days after returning home, but not all sought medical help. C. jejuni was isolated from the feces of 35 adolescents between 15 and 19 years of age. Ail the strains isolated were of serotype 2 for heat-stable anti-* Corresponding author.
gens (22) , and no other enteropathogens were found. On the basis of interviews with patients, it was obvious that the outbreak was waterborne, the origin being the well in the festival area. The well water was later found to be contaminated with a high number of coliforms, but no campylobacters were isolated. Acute abdominal pains mimicking appendicitis, acute pancreatitis, and tubulointerstitial nephritis were the most serious complications found in this outbreak; a total of 10 patients were known to be admitted to different hospitals because of severe symptoms. Paired serum samples were available from 21 patients, and a single serum sample was available from each of a further 7 patients. Paired sera were also available from 22 asymptomatic local inhabitants who were chosen as controls. Eleven of the controls had drunk water from the well before the rock festival.
The second Campylobacter outbreak began among soldiers in Riihimaki in December 1985, and about 200 of the men developed enteritis. Stool samples were taken rather late, and only a few of them were sent for bacterial analysis. In 10 cases, C. jejuni was isolated. These isolates were of the serotype 29,35 for heat-stable antigens (22) , and no other enteropathogens were found. The average age of the soldiers was 20 years. They were ill for 3.2 days on average, but no complications were reported. The outbreak probably originated at a breakfast at which sausage which had been cut with a dirty slicer was served, but it was not possible to study the food in question. Paired serum samples were available from 8 patients with positive stool cultures, 48 patients with enteritis, and 10 conscripts who were asymptomatic despite having eaten the same breakfast as the others. Patients from both outbreaks were monitored for about 2 22 showed serologic responses to both extract antigens. Two of the asymptomatic conscripts from Riihimaki had raised IgG antibody titers against the single antigen, and one of these had raised titers also against the combined antigen. None of the 22 controls from Virrat had elevated antibody titers for either antigen.
There were only minor differences between the immunoglobulin class distribution of elevated antibody titers against the single and the combined antigens. (Table 2 ). There were no actual differences in the behavior of the antibody titers against the single and the combined antigen; in both Fig. 1 and icant and nonsignificant Campylobacter antibody titer changes among patients with positive and negative Campylobacter stool cultures is shown in Table 4 . The median values of reciprocals of antibody titers in the paired sera of the 37 campylobacter patients rose from 200 to 900 in IgG, from 100 to 700 in IgM, and from 25 to 150 in IgA.
Specificity of absorptions. To demonstrate that antibodies against Campylobacter sp., Salmonella sp., and Y. enterocolitica can be removed by absorptions with these bacterial antigens, the sera of three patients were used. The first of the patients had a positive stool culture for C. jejuni, the second had a positive stool culture for Y. enterocolitica serotype 3, and from the feces of the third a strain of S. enteritidis was isolated. These three patients showed elevated antibody titers in the respective serologic tests but no other diagnostic findings. The serum of the first patient was absorbed with C. jejuni 143483 antigen, and the sera of the other two were absorbed with homologous bacterial antigens. Antibody Table 5 ), one had a raised Y. enterocolitica antibody titer (patient 7, Table 5 ), and one had parasites (Giardia lamblia and Cryptosporidium sp.) in the feces. The sera of eight patients with other bacterial findings in addition to those of Campylobacter sp. were absorbed with respective bacterial antigens. Absorption with Salmonella sp. or Y. enterocolitica did not affect the Campylobacter antibody titers, but after absorption with C. jejuni antigen the Campylobacter antibody titers were clearly reduced (Table 5) . Absorption with Campylobacter antigen did not affect the antibody titers in the Widal and Y. enterocolitica agglutination tests, but after absorption with homologous Salmonella or Y. enterocolitica antigen, the antibody titers were significantly reduced (data not shown).
DISCUSSION
The early methods of Campylobacter serology required antigens from either homologous strains or several reference strains (2, 7, 10, 30) . In the search for a common antigen, we used murine monoclonal antibodies against C. jejuni 143483, which originally was isolated from human feces in Edinburgh, Scotland (30) . We found a clone that reacted in enzyme immunoassay with all 24 Campylobacter strains tested and gave a strong response to an acid glycine extract prepared from the immunogen strain, thus indicating the presence of common antigens in the extract (9) . We used an acid glycine extract prepared from the same C. jejuni strain as antigen in enzyme immunoassay to detect Campylobacter antibodies in hyperimmunized rabbits and found that all 21 rabbits immunized with different Campylobacter strains had antibodies against this extract (25) . Also, 79% of patients hospitalized for Campylobacter enteritis showed positive serologic responses to this single extract antigen (11). Svedhem et al. successfully used a similar Campylobacter acid extract as antigen in their diffusion-in-gel enzyme-linked immunosorbent assay for human antibodies (28) .
The acid glycine extract originally described by McCoy et al. (15) was thought to include superficial, antiphagocytic components and possibly to be part of a microcapsule of C. fetus subsp. fetus. In contrast to C. fetes subsp. fetus, there is no biochemical evidence to support the presence of a microcapsule in C. jejuni and C. coli. Logan and Trust (13) analyzed the antigens of acid glycine extracts of C. jejuni and found that the extracts were a mixture of different proteins. These included flagellar antigens and a surface-exposed acid-dissociable protein, both of which showed considerable cross-reactivity between strains of thermophilic campylobacters. Later the flagellar proteins received more attention. They were shown to be immunodominant proteins during Campylobacter infections (4, 16, 19, 31) and also to share common antigens (17, 20) . These findings suggest that the flagellar proteins are an important part of the acid glycine extract. However, the detailed composition of the extract and the role of other components besides flagellin need further investigation.
In this study, we measured IgG, IgM, and IgA Campylobacter antibodies in patients and controls involved in two Campylobacter outbreaks in Finland, using acid extract antigen in an enzyme immunoassay. The outbreaks gave us the opportunity to evaluate our enzyme immunoassay in an epidemiological situation. We also could study Campylobacter antibody titer increases and decreases in the different immunoglobulin classes at intervals during the follow-up period, because the onsets of the outbreaks were well defined and the patients were young and otherwise healthy. To investigate further the specificity of our assay, Campylobacter antibodies were determined in unselected patients with acute enteritis. This allowed us to study the influence of infections caused by other pathogens on Campylobacter antibodies, and the occurrence of cross-reacting antibodies in the patients.
Our assay had a sensitivity of 97% in stool culture-positive epidemic patients. Svedhem To test the ability of our assay to detect Campylobacter antibodies, unselected patients with symptomatic enteritis were included. All 12 patients with positive Campylobacter stool cultures and elevated Campylobacter antibody titers, as well as an additional 15 patients whose stool cultures did not show Campylobacter, showed at least fourfold antibody titer changes in paired serum samples. Most of the patients with significant titer changes in consecutive sera had elevated antibody titers in at least two immunoglobulin classes, and none of them had findings limited to the IgG class. According to our experience, unchanged raised Campylobacter antibody titers in only the IgG class tend to be caused by persisting antibodies from a previous infection and are not a sign of acute campylobacteriosis. Five patients had elevated Campylobacter antibody titers in the IgG class only, which were practically unchanged in paired sera. Two of the patients also had other diagnostic findings which could explain their present acute enteritis episodes.
Some of the patients with elevated titers of Campylobacter antibodies had other diagnostic findings as well. However, when the sera of these patients were absorbed with the respective bacterial antigens, no cross-reactions were seen, thus indicating that our enzyme immunoassay is highly specific. Mixed infections of C. jejuni and other enteropathogens, most often Salmonella sp., are known to be common (12, 23) , and bacteria from several species have been isolated from stool cultures. This was seen also in two of our patients VOL. 25, 1987 
